Genomic Disorders Result from Copy-Number Variation
One decade ago the concept of genomic disorders was proposed predicated on two major premises: First, the conveyed clinical phenotype does not result from a point mutation, but rather from genomic rearrangements and second, the DNA rearrangement results from instability incited by genome architectural features (1, 2) . It was considered that elucidating the rules for the mechanisms of human genomic rearrangements could potentially provide insights into what regions of the human genome are susceptible to instability. Structural variation can produce copy-number variation (CNV) that has been implicated in Mendelian diseases and common traits such as obesity (3, 4) , neurobehavioral traits (4) (5) (6) (7) (8) , and craniofacial features (9, 10) , as well as in sporadic diseases (1, 2, 11, 12) . The clinical phenotype conferred will vary depending on the genes and the genomic region involved and may result from distinct mechanisms including gene dosage effects, gene disruption, and position effects or by unmasking a recessive allele (13) (14) (15) (16) .
Mechanistically, the instability and thus mutability of our genome can be facilitated by the ubiquitous presence of repeat sequences, such as low copy repeats (LCRs) or segmental duplications (SDs), as well as by the presence of repetitive sequences such as short interspersed nuclear elements (SINEs) and long interspersed nuclear elements (LINEs). Characterization of many genomic rearrangements causative of human diseases revealed two rearrangement types that could be distinguished at a given locus: recurrent and nonrecurrent rearrangements. Recurrent rearrangements have the same size and fixed breakpoints that cluster in LCRs (17) ; these LCRs can act as homologous recombination substrates. Nonrecurrent rearrangements have varied sizes and breakpoints for each patient. The mapping and delineation of the smallest region of overlap (SRO) pertaining to nonrecurrent duplications and deletions in a given patient cohort can be used to delineate the genes or regulatory sequences within the dosage-sensitive genomic interval mediating the phenotypic consequences of the genomic change. A subtype of the nonrecurrent rearrangements is characterized by one breakpoint grouping, but not clustering, in a genomic region. The breakpoint grouping can be coincident with genomic intervals laden with genomic sequence elements able to form unusual non-B DNA structures, such as hairpins and cruciforms, potentially stimulating specific mechanisms that drive nonrecurrent rearrangements (17) .
The Human Genome Is Enriched in Both Repeated and Repetitive Sequences
LCRs were defined as intrachromosomal duplications ≥10 kb in length and with ≥97% sequence identity that probably arose by duplication of genomic segments resulting in paralogous regions of the human genome (15) . SDs were defined as segments of DNA containing ≥90% of sequence identity and ≥1 kb in length (18) ; both terms are used interchangeably. In contrast, repetitive sequences were defined much earlier (1968) by Britten and Kohne using reassociation kinetics (19) , therefore constituting a different class of repeats. LCR/SD became apparent during mechanistic studies of genomic disorders and their genomewide nature was independently revealed during studies of the sequence of the draft haploid human genome (20, 21) ; these were not revealed by reassociation kinetics. In fact, as much as 5.4% of our genome is duplicated (≥1 kb and ≥90% identity) (22) . Also, 52% of the remaining gaps in the reference haploid human genome, refractory regions to all techniques available at the moment, are flanked by LCRs with >90% identity (23) . According to the Human Genome Sequence Consortium, "by far, the most difficult regions of the genome were those containing near-exact segmental duplications" (23) . The analysis of the (almost) finished human euchromatic genome sequence provided in 2004 enabled the confirmation of several remarkable LCR features already documented by previous studies. LCRs are present across the entire human genome, they can be inter-or intrachromosomal, and they often contain partial or complete gene sequences with intron-exon structure. In addition, LCRs can be classified into three categories: pericentromeric, subtelomeric, or those present in interstitial. Pericentromeric and subtelomeric LCRs are biased toward interchromosomal LCRs and organized as a complex mosaic of duplications; by contrast, interstitial LCRs are enriched for interspersed LCRs (22) .
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Proximal 17p as a Model for Human Genomic Disorders and Evolution
Studies of rearrangements involving chromosome 17p11.2p12 showed that the proximal 17p chromosome is marked by several direct and inverted interspersed LCRs (2). The ∼7.5-Mb LCR-rich region evolved to a complex genomic architecture that involved serial segmental duplication events during primate evolution (24) , often emanating from preferential LCR-containing genomic intervals or cores, some regions with apparent increased mutation rates and others with apparent reduced recombination (12, (25) (26) (27) , potentially reflecting inversion polymorphisms. It is also the site of the breakpoint for an evolutionary translocation, t (4;19) , that occurred in an ancestral gorilla chromosome (28) CMT1A is a length-dependent distal symmetric polyneuropathy caused by a 1.4-Mb duplication generated by nonallelic homologous recombination (NAHR) between the distal CMT1A-REP and proximal CMT1A-REP (29) . HNPP is a milder condition with susceptibility to asymmetric neuropathy; it results from the reciprocal deletion of the same genomic segment (30) . SMS is a multiple congenital anomaly mental retardation syndrome with obesity, sleep disturbance, and specific behavioral abnormalities due to a recurrent 3.7 Mb deletion generated by NAHR between two LCRs, the so-called proximal and distal SMS-REPs (27, 31) . PTLS is due to the reciprocal duplication and manifests as failure to thrive and neurobehavioral abnormalities, including features of autism (6, 32) . NAHR between the same LCRs can produce the microdeletion or the reciprocal duplication disorder (6, (32) (33) (34) , but the large number of LCRs spanning the region can also result in uncommon recurrent rearrangement, using alternative LCR as homologous recombination (HR) substrates (35) . Furthermore, nonrecurrent deletions/duplications are potentially stimulated by other LCRs in the region (12, 32, 36) .
The 17p11.2p12 region also undergoes other structural variations observed in the population such as an inversion involving the distal SMS-REP and middle SMS-REPs [Database of Genomic Variants (DGV), http://projects.tcag.ca/variation/]. Furthermore, structural changes therein can occur somatically and be associated with cancer (37) (38) (39) (40) . The common breakpoint of the i(17q) chromosome, formally idic(17)(p11.2), frequently observed in patients with hematological malignancies associated with poor prognosis, maps to the LCRs REPA and -B located between middle and proximal SMS-REPs (41) . The same region is very polymorphic within the population (42) . A summary of the characterized proximal 17p evolutionary, constitutional (i.e. germ-line), and somatic rearrangement events is shown in Fig. 1 .
The presence of the specific dosage-sensitive gene within the 17p11.2p12 chromosome was demonstrated by the identification of rare patients who had disease-causative point mutations in the dosage-sensitive gene rather than large genomic rearrangements including that gene: for example, patients with HNPP and without a deletion who had loss-of-function PMP22 point mutations (nonsense/frameshift) and rare CMT1A patients without duplication who instead had gain-of-function PMP22 point mutations (43) (44) (45) . Dosage alteration of the retinoic acid inducible 1 (RAI1) gene causes most of the clinical phenotypes observed in patients with SMS, an observation also supported by mouse models (10, (46) (47) (48) . Furthermore, nonsense and frameshift point mutations within that gene were detected in patients with SMS who did not have a genomic deletion of RAI1, implicating haploinsufficiency as a major contributing factor for the disease (46) (47) (48) . Point mutations leading to gain-of-function are predicted to cause PTLS but such patients have not yet been identified.
Delineation of the NAHR Mechanism Enabled the Prediction of Novel Genomic Disorders
NAHR is a frequent mechanism underlying disease-associated genomic rearrangements. LCRs are the usual substrates for NAHR due to their high degree of sequence identity. Experimental observations have implicated the existence of recombination hotspots for the occurrence of the crossovers within the LCRs (33, 49, 50) . Two LCRs involved in a particular NAHR can be interchromosomal, intrachromosomal, or intrachromatidal, and they can be either directly or inversely oriented to each other. The rearrangement will generate different products accordingly, i.e., duplication, deletion, inversion, or translocation (1, 15) . Experimentally, deletions occur twice as often as duplications during meiosis in male germ cells (51) .
The high frequency of interspersed LCRs in the human genome predicts many regions of genomic instability that could potentially undergo NAHR-mediated rearrangements and be associated with genomic disorders. In a "genome-first" approach, Sharp et al. (7) developed a BAC-based array Comparative Genomic Hybridization (aCGH) designed to interrogate 130 genomic intervals flanked by directly orientated LCRs >10 kb in length, with >95% identity, and within a distance of 50 kb to 5 Mb. Such an approach was used to screen patient cohorts with defined phenotypes, such as mental retardation and congenital anomalies, enabling the detection of five microdeletions (at 17q21.31, 17q12, 15q24, 15q13.3, and 1q21.1) and further description of five novel genomic disorders (7) . Therefore, knowledge of the NAHR mechanism has played a pivotal role in uncovering new human syndromes with profound consequences for clinical genetics.
Other Mechanisms Produce Nonrecurrent Rearrangements Nonrecurrent rearrangements can be generated by NAHR between repetitive sequences such as SINEs and LINEs (36) , but other molecular mechanisms are also implicated for their origin, including nonhomologous end joining (NHEJ), fork stalling and template switching (FoSTeS), microhomology-mediated breakinduced replication (MMBIR), and retrotransposition (reviewed in refs. 16, 17, 52, 53) . NHEJ is one of the repair pathways responsible for double-strand break (DSB) repair in cells. Following detection of DSBs, NHEJ rejoins the broken DNA ends without the requirement for homology; this process requires the preparation of damaged ends using base removal and insertions of new bases, without ensuring sequence restoration around the break (54) . FoSTeS is a recently described replication-based mechanism proposed to explain the complex PLP1 duplications at Xq22, associated with the genomic disorder Pelizaeus-Merzbacher disease [PMD (MIM 312080)] (55). It was proposed that during DNA replication the DNA replication forks could stall, and the 3′ end of the newly synthesized strand could resume DNA synthesis on a different template in a second nearby replication fork. Microhomologies between the switched template and the original fork are used to prime replication. DNA deletion or duplication can be generated depending on whether the template switching occurred to a new replication fork located upstream or downstream. Inversions can also be produced depending on the direction of the fork progression and if the leading or the lagging strands are used on the switched template. The disengaging/ resuming replication in a different fork/extension process can occur multiple times, producing complex rearrangements (17, 55) . The FoSTeS model has been further generalized and the molecular details are provided in the MMBIR model that appears to be operative in all domains of life (52) . In this model, the replication fork stalls, by virtue of the presence of a nick on the template strand resulting in a collapsed fork as the replication fork proceeds through the nick. The collapsed fork generates a oneended, double-stranded, DNA that is resected to expose the 3′ end, which can mediate a break-induced replication (BIR) using microhomology to prime the template switch.
The presence of complex rearrangements in several genomic disorders has been increasingly detected due to the greater resolution of the advanced genome technologies. Recent examples include MECP2 duplications (56) [MRXSL (MIM 300260)] and duplications in 17p13.3 involving the PAFAH1B1 (LIS1) and/or the YWHAE (14-3-3e) genes (57) . Remarkably, Zhang et al. (58) observed as much as 57% of the nonrecurrent PTLS-associated duplications involving the 17p11.2 region can be complex rearrangements (58) . The extent to which FoSTeS/MMBIR is involved in the generation of human structural variation is still undetermined as breakpoint sequences of the complex rearrangements are particularly difficult to obtain.
Genomic Architecture Incites Rearrangements
The presence of LCRs in a specific genomic region increases the probability of occurrences of new rearrangements, such as duplications, deletions, gene conversions, and inversions therein or in the flanking segments (36) . Indeed, the association between structural variation and LCRs has been shown in several studies, including those examining the genome of different populations (59) (60) (61) (62) (63) , those analyzing individual genomic loci (through human-specific disease studies) (1, 9, 12, 32, 55, 56, (64) (65) (66) (67) (68) (69) (70) , and genomic evolutionary studies (24, 71) . In fact, it has been shown that between human and chimpanzee ∼70-80% of inversions and ∼40% of deletions/duplications map to regions containing LCRs (71) . Interestingly, the unique regions flanking segmental duplications are ∼10 times more probable to become duplicated compared to other randomly distributed regions, a phenomenon termed "duplication shadowing" (22) that partially explains the nonrandom distribution and the complex mosaic patterns of LCRs. This observation is supported by a recent comparative study in primates where it was shown that LCRs do not arise randomly, but are likely to arise within or adjacent to another LCR already present (24, 72, 73) . Therefore, the unique regions flanking LCRs will eventually undergo rearrangements that can either create new LCRs or add new complexities to the previous one; additionally, ectopic homologous recombination and gene conversion can produce homogenization, maintaining the sequence conservation within the LCRs (15) .
The role of the LCRs in recurrent rearrangements as substrates for NAHR is well established (1). However, LCRs can also be associated with nonrecurrent rearrangements generated by FoSTeS/MMBIR. Inoue et al. (68) analyzed families with PMD due to deletion of the PLP1 gene at Xq22 and found the distal breakpoints in two of three cases were embedded in LCRs. This finding was supported by the results of Lee et al. (55, 74) who studied PMD patients carrying PLP1 duplications. Later a statistically significant association between LCRs and the distal breakpoints of duplications involving the MECP2 gene in male patients with neurodevelopmental delay was shown (56) . Approximately 77% (23/30) of the distal duplication breakpoints map within or nearby one of the LCRs (LCRJ and LCRK) that are located 47 and 201 kb telomeric to the MECP2 gene. LCRJ is formed by two genes that constitute the Opsin array, OPN1LW (long-wave sensitive) and OPN1MW (middle-wave sensitive). In vertebrates, the visual pigments are the products of five families of Opsin genes that probably have arisen by multiple gene duplication events at least 540 million years ago (Mya) (reviewed in ref. 75) . The ability to absorb three different wavelengths (short, medium, and long) in the retina is not found among many mammals and constitutes a distinctive feature of the primates. Such evolutionary acquisition enabled primates to see three primary colors (blue, green, and red), changing their vision from dichromatic to trichromatic. From a molecular evolutionary standpoint, the event that enabled trichromatic vision in Catarrhines was the duplication of the X chromosome Opsin gene that occurred ∼35 Mya followed by gene diversification (75) (76) (77) . Interestingly, in humans, differences regarding the sensitivity to distinguish red-green colors are very common. As much as 8% of Caucasian males present color-vision defects and polymorphisms resulting from frequent chromosomal rearrangements and gene conversions at the Opsin locus (78) . Of note, the evolutionary timing of the switch from dichotamous to trichotamous color vision coincides with the loss of many functional olfactory receptor genes and may reflect increased dependence of higher primates on vision versus olfaction to sense one's environment (79) .
In our cohort of patients with MECP2 duplication, the stronges breakpoint bias was observed in patients with complex rearrangements (triplications embedded within duplications) (56) in which both duplication and triplication breakpoints map within a low copy repeat pair termed LCRs K (Fig. 2) . The LCRK1 and LCRK2 are positioned in an inverted orientation with respect to each other, have 99% sequence identity, and are 11.3 kb in length (56, 80) . The region between the LCRs K, which contains the FLNA and EMD genes, is inverted in 18% of individuals of European descent (81) . Nonrecurrent deletions involving one of the LCRs K and the EMD gene have been reported to cause X-linked Emery-Dreifuss muscular dystrophy [EDMD (MIM 310300)] (81). Caceres et al. (82) identified the presence of the LCRs K in diverse eutherians, suggesting that they are derived from an ancestral duplication and probably have a single common origin. In addition, inversion events occurred at least 10 independent times along the eutherian evolution (82) .
Duplication Rearrangements and the Emergence of Novel Traits
In his seminal work, Ohno (83) proposed that gene duplications coupled with rapid sequence diversification may play a fundamental role in evolution. Increasing evidence from experimental studies in diverse organisms has confirmed his prediction. In fact, duplications may act as a "reservoir" for producing adaptative phenotypes (84) , but also they can cause a dramatic increase in the dosage of specific genes, producing an immediate advantageous effect (85) .
In primates, LCRs are implicated in lineage-specific gene creation and potentially in speciation as well. A comparative study between human and chimpanzee genomes estimated that 2.7% of euchromatic sequences were differentially duplicated between chimpanzee and human (86) . In contrast, single-base pair differences account for 1.2% of the genetic difference (87) . Therefore, some of the genes that distinguish human from chimpanzee arose and/or expanded as LCRs. The salivary amylase gene (AMY1), which encodes a protein that catalyzes the first step in digestion of dietary starch and glycogen, constitutes an interesting example. It has approximately three times more copies in humans compared to chimpanzees and copy-number differences correlate positively with the higher levels of salivary amylase protein (88) . The copy number of AMY1 shows evidence of positive selection in populations with high-starch consumption, suggesting that its copy-number increase in humans was selectively favored due to the concomitant increase of starch consumption in agricultural societies (88) . Also, the humanspecific amplification of the aquaporin-7 gene (AQP7), coupled to positive selection, provides another example of adaptative traits that emerged after lineage-specific gene duplication; the aquaporin-7 protein is involved in water, glycerol, and urea membrane transport and may have contributed to enabling the human capacity for endurance running (89, 90) .
Using interspecies cDNA CGH in five hominoid species including humans, Fortna et al. (89) identified 140 genes showing human lineage-specific variation in copy number, most of them (134/140) due to amplification. Several genes are implicated in neuronal function, including a neurotransmitter transporter for γ-aminobutyric acid (GABA) (SLC6A13) and the gene encoding the neuronal apoptosis inhibitory protein (NAIP), which is suspected to have a role in neuronal proliferation and/or brain size in humans (89) . Remarkably, they showed that the neuronalexpressed DUF1220 domain, which presents the highest number of copies in humans compared to primates, is apparently under positive selection (91) . It is estimated that perhaps as many as 34 human genes encode a DUF1220 domain; these genes map to several genomic sites on chromosome 1 with the majority localized to the 1q21.1 region. Rearrangements of 1q21.1 are associated with congenital anomalies, mental retardation, and neuropsychiatric phenotypes (7, 9, 92) . Sikela et al. found a high correlation between DUF1220 domain copy number and human head circumference, suggesting that DUF1220 domains may have a role in shaping human brain size (93) . Brunetti-Pierri et al. (9) recently showed that 1q21.1 deletion is associated with microcephaly whereas 1q21.1 duplication is associated with macrocephaly. In fact, rearrangements involving 1q21.1 represent an interesting example of copy-number variation causing developmental and behavioral phenotypes. Noteworthy, 63.6% of the content of the 1q21 chromosome sequence is represented by LCRs. Recent studies showed recurrent deletions and duplications in patients with a broad range of clinical phenotypes including dysmorphic features, congenital anomalies, mental retardation, and neuropsychiatric conditions such as attention deficit hyperactivity disorder (ADHD), autism, anxiety/depression, and antisocial behavior (7, 9, 92) . Deletions have also been recently associated with schizophrenia (5, 94) . The association of microdeletion with microcephaly and duplication with macrocephaly can be potentially explained by the copy-number alteration of the human-specific paralog of the gene HYDIN. In mice, mutations causing premature termination of the Hydin gene product were reported to cause hydrocephalus (95) . The 1q21.1 paralog HYDIN copy results from a 360-kb interchromosomal duplication from the 16q22.2 segment (96) containing the original HYDIN gene.
Exon Shuffling and the Emergence of New Genes
Along with gene duplication, exon shuffling is also implicated in the generation of novel genes and proteins and, once more, the LCRs might play a pivotal role underlying that event. In 1978, Walter Gilbert launched the concept of exon shuffling when he proposed that recombination between introns could rearrange exons, creating new transcription units, and consequently new proteins could be formed (97) . In the primate lineage, including humans, there is evidence of exon shuffling generating novel genes, e.g., the creation of testis-specific genes (98, 99) . Some additional evidence for exon shuffling observed in human and mouse subjects is listed in Table 1.   MECP2   OPNILW OPNIMW OPNIMW  TEX28  TEX28  TEX28  TKTL1  FLNA An interesting example of the "birth" of a gene due to duplication and exon shuffling is the proximal CMT1A-REP. This LCR arose by genomic rearrangement whereby exon VI of the COX10 gene and surrounding 25-kb intronic sequences (i.e., distal CMT1A-REP) were duplicated and inserted 1.4 Mb more proximal on 17p within the human-chimpanzee ancestral chromosome. This one event created proximal CMT1A-REP (Fig. 3) and gave birth to two novel genes through exon accretion and fission, respectively (24, 26) . Interestingly, both novel genes, HREP and CDRT1, are expressed in humans although they have different tissue specificity: HREP is expressed in heart and skeletal muscle whereas CDRT1 is mainly expressed in pancreas (26, 100) . The original COX10 (distal CMT1A-REP) is highly expressed in multiple tissues (101); its protein product farnesylates the heme group incorporated into cytochrome oxidase that is important for mitochondrial function.
Another example is the hominoid testis-specific gene TRE-2 (USP6) that emerged during primate evolution resulting from the chimeric fusion of two genes, USP32 and TBC1D3 (Table 1 ) (99) . TBC1D3 itself is derived from a segmental duplication that underwent multiple gene duplications during primate evolution (99) . Interestingly, TBC1D3 underwent mutations with respect to its closest homolog, USP6NL and acquired the features of an adaptor molecule involved in the macropinocytic process (102) .
Can FoSTeS/MMBIR Account for Exon Shuffling Events?
It has been estimated that at least ∼19% of exons in eukaryotic genes were formed by exon shuffling (103) . However, the underlying mechanisms are not fully understood. Two mechanisms have been proposed, illegitimate recombination (104) and retrotransposed exon insertion (105); nevertheless, many exon rearrangements are not readily explained by either mechanism. Recently, our group (58) reported complex rearrangements, including triplications, detected at the join points of duplications in patients with PTLS and in patients with PMP22 duplication and deletions. Importantly, the complex patterns implicating FoSTeS/MMBIR could be detected at different levels of genome resolution from involving megabases of the human genome to small genomic intervals containing a single gene or even only one exon (58) . The sequencing of the join points of the deletion involving just one exon of the PMP22 gene revealed a complex pattern including a small insertion in an inverted orientation. This complex rearrangement of a coding exon caused by FoSTeS/MMBIR suggests that this mechanism may contribute to exon shuffling (58) . The replicative FoSTeS/MMBIR mechanism could readily shuffle any given exon by a template switch before and after that exon anywhere within the flanking introns (58).
Birth Defects: Evolution in Real Time Structural variation in the human genome encompasses a wide range of different alterations, including aneuploidies, heteromorphisms, fragile sites, repetitive elements, micro-and minisatellites, insertions, deletions, inversions, duplications, balanced and unbalanced translocations, and complex genomic and chromosomal rearrangements (60, 62, (106) (107) (108) (109) (110) . Some of the changes are large enough to be visualized by light microscopy whereas others require special techniques, e.g., submicroscopic alterations can be detected by CGH (62, 107) , whereas inversions can be detected by paired-end sequencing techniques (60, 109, 111) or by PCR-based approaches (112) .
In the human genome, the de novo locus-specific mutation rates for genomic rearrangements were estimated on the basis of disease prevalence rates as ∼10 −6 -10 −4 (113, 114) . This range is two to four orders of magnitude greater than the locus-specific rates for base pair changes (∼10 −8 ). Therefore, CNVs may frequently occur de novo and can be associated with sporadic birth defects. This contention is supported by a recent study on neonates with various birth defects in which a high frequency of de novo pathological CNVs was identified (115) . aCGH was used to screen 638 neonates with different birth defects including dysmorphic features, multiple congenital anomalies, congenital heart disease, cleft palate, etc. Pathogenic CNVs were detected in up to 20% of subjects (115) . In patients with a clinical indication of suspected chromosomal abnormalities, the rate of de novo CNV detection was as high as 66.7% (115) , three times greater than the published rates for chromosome studies. 
Can Structural Variation Produce Atavism?
Atavism is a concept proposed by Darwin in 1868 to term the reappearance of ancestral characteristics in individuals of a species in further generations. Evidence for atavistic traits has been found in horses and whales (116) . In humans proposed atavistic traits include extra nipples, the ability to move the scalp, natural "earring" holes, and hypertrichosis (117) . Hypertrichosis is a rare condition characterized by excessive generalized or localized hairiness (118) . Marcias-Flores et al. (119) described a family with a severe form of X-linked hypertrichosis. Figuera et al. (118) mapped the X-linked locus to the chromosome Xq24-q27.1, but autosomal-dominant inheritance patterns with associated clinical signs, e.g., gingival hyperplasia, skeletal abnormalities, mental retardation, and others, have also been described (reviewed in ref. 120) . Recently, Sun et al. (121) mapped the congenital generalized hypertrichosis terminalis (CGHT) trait to chromosome 17q24.2-q24.3 by linkage analysis in three Han Chinese families. They identified nonrecurrent microdeletions in three CGHT families and also found one de novo microduplication in a sporadic patient, as causative of the trait. The candidate gene has not yet been identified but they postulated a long-range position effect potentially due to the presence of the SOX9 gene nearby.
Conclusions
In conclusion, the development of the concept of genomic disorders, and the definition of the mechanisms for formation (e.g., NAHR, FoSTeS/MMBIR) of the rearrangements underlying these conditions, has led to improvement in clinical ascertainment and the discovery of novel syndromes. Such studies revealed a great deal of new information about human genome structure and evolution and delineated the role of the genomic architecture, including repetitive (e.g., SINEs and LINEs) and repeat sequences (LCRs/SDs), as a facilitator of genomic instability that can cause disease. Adaptative traits can be driven by structural variation as exemplified by the amylase (AMY1) copy-number variation associated with the change of human eating habits. Moreover, increasing data regarding human CNVs and how they can convey neuropsychiatric phenotypes suggest that CNVs may play a major role in human cognition and other complex traits.
